Summary. Only one out of 73 children with young-onset Type 1 (insulin-dependent) diabetes for less than 10 years had retinopathy detectable with fluorescein retinal angiography. Although these fluorescent studies were normal, retinal abnormalities were detected in 19 out of 53 patients by electro-retinography and in four out of 28 patients by the 100-hue colour test. We were unable to confirm recent reports indicating that most Type 1 diabetic patients have retinopathy detectable by fluorescein angiography. The diabetic plasma co-factor induces normal platelets to hyperaggregate in vitro. Plasma co-factor activities in adult diabetic patients have previously been shown to correlate with the degree of hyperaggregation, although in general, only those patients with severe retinopathy or nephropathy have high plasma activities. The plasma activities of 192 Type 1 diabetic patients were significantly higher than those of normal subjects (p < 0.01). Of ten children with markedly elevated activities, nine did not have retinopathy.
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Type 1 (insulin-dependent) diabetic patients, particularly those with the onset of their disease before the age of 16 years, rarely have ophthalmoscopic evidence of retinopathy at the time of diagnosis, although 8%-40% will have some retinopathy after 10 years of disease. The progression of retinopathy is not relentless, and improvement in the retinal appearance occurs in 33%-40% of patients over a 10-year period [1] [2] [3] . Retinal abnormalities may be detected even when the ophthalmoscopic appearance is normal. Recently, investigators who utilized fluorescent retinal angiography have reported that half of youngonset Type 1 diabetic patients possessed retinal microaneurysms within 5 years of diagnosis and that fluorescein angiography was useful for the early diagnosis of retinopathy [4] [5] [6] [7] . This was not consistent with our experience, and therefore we were stimulated to examine our patients with fluorescein angiography. In addition, we used electro-retinography and the 100-hue colour vision test, as both tests have been reported to detect early retinopathy [8, 9] .
Approximately 20% of patients who are diabetic for prolonged periods do not develop retinopathy. The development of retinopathy has been related to the presence of certain histocompatibility antigens [10] , altered fibrinolysis [11] , cigarette smoking [12] , concomitant hypertension [13] , and perhaps the most important of all, the quality and duration of diabetic control [14, 15] . Whether hypercoagulability has a direct role in the progression of retinopathy has been the subject of persistent interest [16] [17] [18] . The hypercoagulable state in diabetes includes accelerated consumption of fibrinogen and platelets [19] , increased platelet adhesiveness [20] , and increased platelet aggregation in vitro [21] and in vivo [22] .
There are at least two types of platelet abnormalities described, one involving elevated levels of von Willebrand factor which is thought to increase platelet adhesion, and the second, the enhanced aggregation of platelets, which correlates in degree with the plasma activity of a co-factor in some diabetic patients [23] , and which is capable of enhancing the aggregation of platelets of normal subjects after ADP or collagen stimulation in vitro [24, 25] . The co-factor effect is less with prostaglandin inhibition [26] and it seems probable that the relative production of capillary endothelial prostacyclin and platelet thromboxane are central to the whole question of platelet abnormalities in diabetes. It has been shown that elevated co-factor activity levels are more commonly pres- [24, 25] . No correlation was found, however, between cofactor levels and those of blood glucose, non-esterified fatty acids, or of cholesterol, and the plasma cofactor activity was not affected by aspirin or sulphonylurea therapy [26] . No similar studies have been reported in children with Type J diabetes.
Subjects and Methods
grade 3, severe microangiopathy with intraretinal and pre-retinal haemorrhages, and grade 4, worse changes including more than two patches of neovascularization.
Platelet Studies
Technical details of the use of platelet aggregometry in vitro in the detection of the plasma co-factor have been published previously [24, 29] . The co-factor potentiates the degree of second phase aggregation observed after small stimuli with ADP, as quantified by the light transmittance ratio. This is the ratio of the maximal second phase aggregation occurring in an 8:1:1 mixture of normal platelet-rich plasma, patient platelet-poor plasma, and the ADP stimulating solution, divided by the maximal aggregation occurring in an 8 : 1 : 1 mixture of normal platelet-rich plasma, normal platelet-poor plasma, and the same ADP solution. We use an ADP concentration which causes 20% of maximal second-phase aggregation in the control, so that a light transmittance ratio over 1.0 indicates potentiation of second phase aggregation and a ratio under 1.0 indicates inhibition, the maximal ratio being 5.0. Light transmittance ratios are reproducible from day to day, but elevations of several months' duration occur during active retinopathy. Blood was drawn before eye studies were done, and was anticoagulated 1:9 with 0.147 tool/1 trisodium citrate. The plasma was immediately separated and stored at -20 ~ C until analysis.
Statistical analysis was carried out using the two-tailed Student's t-test except where otherwise indicated.
This study was approved by the Human Investigations Committee of Northwestern University and carried out according to the Declaration of Helsinki.
Subjects
Two hundred and five classical Type 1 diabetic patients (102 males and 103 females) whose age of onset was before 16 years were studied during the years 1972-1977. Detailed ophthalmological information was available in the 133 (65%) who attended our outpatient clinics regularly. In addition, 72 (35%) were ascertained from a summer camp, but no ophthalmic assessments were available in these subjects. The mean age (+ SD) was 13.6 + 6.0 years (range 4.5 -37 years) and the mean ( + SD) duration of diabetes was 6.7 ___ 6.2 years (range 0.1-32 years). Forty-three normal children (22 males and 21 females) and 33 normal adults comprised a control group, mean age (+ SD) 19.2 + 12.7 years.
Ophthalmological Studies
Our routine ophthalmological examinations comprised funduscopy, slit lamp examination and retinal photography. No patients had cataracts or refractive errors sufficient to influence the results, and all angiograms used were of high quality and evaluated by authors JGD and CLF. Fluorescein retinal angiography was performed with a 5 ml bolus injection of 10% sodium fluorescein (Smith, Miller & Patch, San German, Puerto Rico) into an antecubital vein; rapid sequence retinal photographs were taken under filters (Spectrotech, Lincoln, Massachusetts) appropriate for dye excitation and background barriers. Global scotopic electro-retinography was performed by the technique of Gouras [27] as adapted by Simonsen [28] . Colour vision defects were detected and quantitated with the Farnsworth-Munsel1100-hue test [9] , which discriminates types of colour defects by reporting the number of errors made in arranging colour sequences.
Retinopathy was classified [24] as: grade 0, normal; grade 1, occasional microaneurysms and early changes; grade 2, numerous microaneurysms with venous beading and exudates present;
Results

Fundoscopy
The prevalence of retinal pathology, determined by ophthalmoscopy, is shown in Figure 1 . Of the 133 diabetic patients in whom data were available, none of the 84 patients under 15 years of age had evidence of retinopathy, while 22 out of 24 patients older than 20 years of age had retinopathy. Ophthalmoscopy detected retinopathy in none of the 94 patients who were diabetic for less than 10 years, and in only five out of 22 who were diabetic 10-14.9 years. Of the 17 patients who were diabetic for longer periods, all had some degree of retinopathy.
Fluorescein Angiography
No retinopathy was observed with fluorescein angiography in the 67 patients younger than 15 years of age, but all patients older than 20 years had evidence of retinopathy. No retinopathy was observed in the 74 patients who were diabetic for less than 10 years, while all who were diabetic for 15 or more years had some retinopathy. Only one patient was identified with no retinopathy by ophthalmoscopy who had microaneurysms detected by fluorescein angiography.
Electro-retinography
The electro-retinogram b-wave potential was determined during dark-adapted corneal electro-retinography in 55 patients, all of whom also had fluorescein angiography. The normal amplitude is over 175 ~v. Twenty out of 55 patients had less than normal values, of whom only two had known retinopathy. One was a 20 year old female with diabetes for 12 years with grade 2 retinopathy, neuropathy, amenorrhoea, and an oscillatory potential of 98 ~tv, while the other was a 15 year old female who had been diabetic for 8 89 years and who had sparse grade I retinopathy and an oscillatory portential of 192 ~tv. There was no linear relationship of b-wave oscillatory potential with either the duration of diabetes or with the age of these patients. ,n o o 0%
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AGE AT TIME OF STUDY (YEARS) Fig.2 . The relationship of the plasma co-factor activities of 192 diabetic patients with their age when studied. Severity of retinopathy according to fluorescein retinal angiography: 9 = no data available, 9 = grade0, x7 = grade 1, ~ = grade2. Mean(---) + 2SD ( ---) of the values in normal subjects
Colour Vision
Twenty-nine patients who had undergone fluorescein angiography were assessed with the 100-hue colour vision test. Only four individuals had abnormal responses and none of these had retinopathy. Of the 25 patients with a normal response to the 100-hue test, we found normal fundi in 24 patients and grade 1 retinopathy in one patient. Figure 2 indicates the light transmission ratio of 192 patients in relation to their age. The control population's values were significantly lower than those of the diabetic patients (analysis of covariance F ratio = 14.6, p < 0.01). Figure 3 indicates the light transmission ratio values of the 192 patients in relation to their known duration of diabetes. Ten children had values higher than three SD above the mean of the group, and thus are likely to represent an unique subset amidst the general group. Retinal studies were normal in nine of these ten patients, while one, a 27-year-old male with diabetes for 15 years, had grade 1 retinopathy. The analysis of covariance is used here as the group required two parameters to define normal variation; the lower limit of the illustrated slopes was positive in both Figures (p < 0.05).
Platelet Studies
Discussion
These data support other findings [2, 3] that retinopathy is uncommon within the first years after the diagnosis of young-onset Type I diabetes, and provides no evidence that retinopathy exists at a subclinical level detectable by fluorescein retinal angiography. Examinations by ophthalmoscopy, slit lamp, and retinal photography found only 21 out of 133 patients to have retinopathy. With fluorescein angiography, only eight out of 94 children were found to have retinopathy. We could not detect retinopathy in any patient with diabetes for less than 5 years, and found early changes in only one patient with diabetes for less than 10 years. Our population must therefore differ vastly from that of Malone et al. [7] who described fluoroangiographic evidence of retinopathy in 75% of their young-onset Type 1 diabetic patients who had had their disease for up to 10 years, and more remarkably, found retinopathy in 20 out of 39 children who were diabetic for less than one year. It must also differ from that of Brooser et al. [6] where fluoroangiography found retinopathy in half their patients who were known to have diabetes for up to 5 years, and whose ophthalmoscopic appearance was normal. The study of Toussaint and Dorchy [30] reported fluoroangio-graphic evidence of microaneurysms in one out of nine patients with diabetes of less than 5 years' duration, and in eight out of 23 of under 10 years' duration, with vascular abnormalities in 75% of their patients who were diabetic for over 6 years. Although we cannot explain the discrepancies, we feel that subtle patient selection factors are involved and, in particular, patient referral patterns. Fluoroangiographic studies did not contribute to the early diagnosis of diabetic retinopathy, for out of 87 patients with a normal ophthalmoscopic appearance, only one had background changes. The electroretinographic studies revealed reduced oscillatory potentials in 20 out of 55 patients tested, although only two had retinopathy detected by fluoroangiography. This is similar to the data of Yonemura et al. [8] who reported decreased potentials in seven out of 13 adult patients whose funduscopic appearances were normal. In our patients, there was no trend of deterioration with increasing duration of diabetes. The colour vision tests detected normal vision in one patient with known retinopathy and abnormal colour vision in four out of 28 patients without retinopathy; minimal colour vision defects have similarly been reported in adult diabetic patients [9, 31] .
We found little value for these three tests in the early, specific diagnosis of retinopathy, but we recognize that each method does not necessarily measure the same physiological abnormality. Cunha-Vas et al. [15, 32] have utilized vitreous fluorophotometry to demonstrate the breakdown of the blood-retinal barrier in diabetic patients whose fluoroangiographic findings were normal. They have shown that progressive deterioration was particularly noted in patients with poor metabolic control. The increased retention of fluorescein by the vitreous has also been reported in 80% of young-onset Type I diabetic patients [33] , but as patients with background retinopathy did not have significantly more retention than those without retinopathy, interpretation is difficult.
This study presents data of the plasma co-factor causing platelet hyperaggregation in young-onset Type 1 diabetic patients. Plasma co-factor activities may be markedly elevated in diabetic adults with advanced microangiopathy [25] . Our young patients had higher mean light transmittance ratios than the normal subjects, even though few patients with advanced disease were included in our study population. Ten of these patients, nine of whom had no detectable retinopathy, had markedly elevated light transmittance ratios. This elevation of co-factor activity has similarly been reported in studies of latent diabetic patients and in patients without evidence of vascular disease [26] . Two laboratories have been unable to demonstrate co-factor activity [34, 35] , both of which found platelet hyperaggregation, although neither could ascertain if, in addition, plasma factors were present which potentiated aggregation. As the co-factor is not universally present, patient selection may have also influenced their results.
We conclude that diabetic patients have higher plasma co-factor activities than normal subjects and that a few patients (only ten out of 192 patients in this study) may have markedly elevated levels. Cohort studies are required to determine if a newly-diagnosed diabetic patient will acquire additional platelet hyperaggregation or microangiopathy mediated by the plasma co-factor. Particular attention will be focused upon the rate of progression of the ten patients in this study with plasma co-factor activities higher than those usually encountered in diabetic patients, for their course may assist in understanding the role of hypercoagulability in the progression of diabetic retinopathy.
